
Numerical Differentiation















Example:2
Use Newton's forward/backward differentiation method to find 
solution for x=0

f(x)x
1.00000.0
0.99750.1
0.99000.2
0.97760.3
0.86040.4



Solution:
Newton's forward differentiation table is as follows.



Solution for y′(0)=0.25033

Solution for y′′(0)= -9.67667



Example 3: Find Solution of an Equation 
(x1 = 2 and x2 = 4, Step value (h) = 0.25 )
For x = 2.25, use Newton's Forward Difference formula.

Solution:
Equation is f(x)=

Numerical differentiation method to find solution.
The value of table for x and y



Newton's forward differentiation table is



The value of x at you want to find f(x):x0=2.25

h=x1-x0=2.25-2=0.25

[dy/dx] =1/h (Δy0 -1/2 Δ2y0 +1/3 Δ3y0 -1/4 Δ4y0)

[dy/dx]=1/0.25 (7.4688 -1/2×1.875 +1/3×0.1875 -1/4×0)

[dy/dx] =26.375

[d2y/dx2] =1/h2 (Δ2y0 -Δ3y0 +11/12 Δ4y0)

[d2y/dx2] =1/0.0625 (1.875 -0.1875 +11/12×0)

[d2y/dx2] =27

y′(2.25)=26.375 and y′′(2.25)=27



Newton's Backward Difference 
formula



Newton's Backward Difference formula



Example: Use Newton's backward differentiation method to find 
solution for x= 2.2

f(x)x

4.05521.4

4.95301.6

6.04961.8

7.38912.0

9.02502.2

2.221.81.61.4x

9.0257.38916.04964.9534.0552y

Solution: Numerical differentiation method to find solution.
The value of table for x and y



Newton's backward differentiation table is



The value of x at you want to find f(x):xn=2.2

h=x1-x0=1.6-1.4=0.2

[dy/dx]x=xn=1/h ( yn +1/2 2yn +1/3 3yn +1/4 4yn)

[dy/dx]x=2.2=1/0.2×(1.6359 +1/2×0.2964 +1/3×0.0535 +1/4×0.0094)

[dy/dx]x=2.2=9.02142

[d2y/dx2]x=xn=1/h2 ( 2yn + 3yn +11/12 4yn)

[d2y/dx2]x=2.2=1/0.04 (0.2964 +0.0535 +11/12×0.0094)

[d2y/dx2]x=2.2=8.96292

y′(2.2)=9.02142 and y′′(2.2)=8.96292



Example 2: Find Solution of an Equation 
(x1 = 2 and x2 = 4)
For x = 3.5, Step value (h) = 0.25 . 

Solution:
Equation is f(x)=

Numerical differentiation method to find solution.
The value of table for x and y

Answer: y′(3.5)=69.5 and y′′(3.5)=42


